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A b s t r a c t  
Th is  paper desc r ibes  t h e  des ign  o f  t h e  Space 
S t a t i o n  freedom Power Management and D i s t r i b u t i o n  
(PMAD) System. I n  a d d i t i o n ,  t h e  paper desc r ibes  
the  s i g n i f i c a n t  t r a d e  s t u d i e s  which have been con- 
duc ted ,  which l e d  t o  t h e  c u r r e n t  PMAD system 
c o n f i g u r a t i o n .  
Eackqround 
NASA has been engaged i n  t h e  d e f i n i t i o n ,  
des ign  and development of the  Space S t a t i o n  Freedom 
and P l a t f o r m s  s i n c e  1984. Phase E c o n t r a c t s  were 
awarded by f o u r  work packages (WP) cen te rs  f o r  
d e f i n i t i o n  and p r e l i m i n a r y  des ign  o f  Space S t a t i o n  
and P l a t f o r m s  and t h e i r  v a r i o u s  systems. These 
c o n t r a c t s  were completed e a r l y  i n  1987. NASA then 
awarded Phase C / D  c o n t r a c t s  for  t h e  des ign  and 
development o f  t he  Space S t a t i o n  and P l a t f o r m s  i n  
l a t e  1987. 
i s  t h e  r e s p o n s i b i l i t y  o f  the  NASA Lewis Research 
Center ,  a l s o  known 3s aork  p a c k a g e 4 4  (WP-04) i n  
the  Space S t a t i o n  program. WP-04 i s  r e s p o n s i b l e  
for the  end-to-end EPS a r c h i t e c t u r e  for  t he  Space 
S t a t i o n ,  i n c l u d i n g  2 h o t c v o l t a i c  3nd s o l a r  dynamic 
power g e n e r a t i o n  and s t c r a g e .  and power management 
and d i s t r i b u t i o n  ; ?MP.D) .  This  r e s p o n s i b i l i t y  
i n c l u d e s  system d e s i g n ,  and DDTaE and p r o d u c t i o n  
o f  system hardware 3r;d so f tware .  
c o n t r a c t  i s  documented i n  Re f .  1 .  Th i s  des ign  
i n c l u d e d  an end-to-end 20 kHz PMAD system. 
s u b j e c t  o f  t h i s  paper i s  t h e  c u r r e n t  des ign  o f  the  
PMAD system, i n c l u d i n g  a summary o f  t h e  t r a d e  s tudy  
r e s u l t s  which l e d  t o  t h i s  c o n f i g u r a t i o n .  
The Space S t a t i o n  E l e c t r i c  Power System ( E P S )  
The EPS des ign  a t  t he  s t a r t  of t h e  Phase C / D  
The 
Trade S tud ies  
R e c e n t l y ,  a ma jor  t r a d e  s tudy  on PMAD system 
des ign  was conducted .  Th is  s e c t i o n  desc r ibes  the  
key  a p p l i c a b l e  PMAD system requ i remen ts ;  t he  PMAO 
o p t i o n s  cons idered;  q u a n t i t a t i v e  and q u a l i t a t i v e  
t r a d e  s tudy  r e s u l t s ;  p re fe rences  o f  t h e  program 
p a r t i c i p a n t s ;  and the  t r a d e  s tudy  d e c i s i o n .  The 
key a p p l i c a b l e  PMAD system requ i rements  and ground 
r u l e s  a r e  p resen ted  i n  Tab le  1 .  The EPS and i t s  
PMAD system must d e l i v e r  75 kW average power t o  t h e  
user  loads  ( i n c l u d i n g  housekeeping and e x p e r i -  
ments ) .  and up to 100 kW o f  peak power, w i th  t h e  
peak o c c u r r i n g  e i t h e r  d u r i n g  s u n l i g h t  o r  shadow 
p e r i o d s .  I n  a d d i t i o n ,  t h e  i n s t a l l e d  PMAD p r i m a r y  
d i s t r i b u t i o n  c a b l i n g  must be s u f f i c i e n t  t o  a l l o w  
f u t u r e  g rowth  t o  a l e v e l  o f  175 kW average power.  
The EPS must p r o v i d e  t w o - f a u l t - t o l e r a n t  power for 
c r i t i c a l  f u n c t i o n s .  E l e c t r i c a l  i s o l a t i o n  must be 
p rov ided  f o r  ma jor  e lements ,  i n c l u d i n g  each module,  
node and p a l l e t .  Th i s  a l l o w s  a s i n g l e  p o i n t  ground 
f o r  each e lement ,  and a l s o  p reven ts  t h e  p ropaga t ion  
o f  f a u l t s  and o t h e r  e l e c t r i c a l  d i s tu rbances  and 
n o i s e  between e lements .  
ground v e r i f i c a t i o n  o f  systems which a r e  o n l y  f u l l y  
assembled and i n t e g r a t e d  on o r b i t .  
I t  a l s o  a l l o w s  p iecew ise  
The PMAD o p t i o n s  cons ide red  i n  the  s t u d y  a r e  
d e f i n e d  i n  Tab le  2.  
f o u r  o p t i o n s  a r e  shown i n  F i g .  1 qnd 2 .  O p t i o n  1 
i s  t h e  b a s e l i n e  system a t  t h e  s t a r t  o f  Phase C/D, 
and a t  t h e  s t a r t  o f  t h e  t r a d e  s t u d y .  I t  c o n s i s t s  
o f  an end-to-end 20 kHz system. 
p h o t o v o l t a i c  source  ( s o l a r  a r r a y s  and b a t t e r i e s )  i s  
conve r ted  t o  440 V,  20 kHz. IO power for p r i m a r y  
d i s t r i b u t i o n .  Th is  i s  accompl ished by t h e  main  
i n v e r t o r  u n i t  (MIU).  This same 20 kHz power i s  
d i s t r i b u t e d  a t  208 V t o  t h e  f i n a l  use r  i n t e r f a c e  
i n  a l l  modules - U.S. hab and l a b ,  ESA (Columbus) 
and Japan (JEM). The t r a n s f o r m e r  u n i t  (TU) a t  t he  
module i n t e r f a c e  p r o v i d e s  e l e c t r i c a l  i s o l a t i o n  and 
s teps  t h e  v o l t a g e  down to  208 Vac. 
power i s  a l s o  d i s t r i b u t e d  a t  208 V t o  a l l  a t t a c h e d  
pay loads  on t h e  t r u s s .  O p t i o n  2 i s  t h e  same as 
o p t i o n  I ,  excep t  t h a t  t he  20 kHz power i s  b u l k  con- 
v e r t e d  t o  120 Vdc for  d i s t r i b u t i o n  i n  t h e  ESA and 
Japan modules.  The ac /dc  b u l k  c o n v e r t e r  !ADCU) 
p rov ides  I s o l a t i o n  i n  a d d i t i o n  t o  the  power conver -  
s i o n .  Th is  o p t i o n  was m o t i v a t e d  by t h e  s t r o n g  
d e s i r e  on t h e  p a r t  o f  Japan (NASOA) and t h e  Euro- 
pean Space Agency ( E S A )  t o  have dc power d i s t r i b u -  
t i o n  i n  t h e i r  modules. However, t h e  o p t i o n  o f  
r e c o n v e r t i n g  t o  20 kHz for  d i s t r i b u t i o n  t o  U .S .  
users  i n  these modules/was r e t a i n e d .  O p t i o n  3 con- 
s i s t s  of 20 kHz p r i m a r y  d i s t r i b u t i o n  and i20 Vdc 
secondary d i s t r i b u t i o n  i n  a l l  e lements .  The 20 kHz 
power i s  b u l k  conver ted  t o  I20 Vdc a t  t h e  i n t e r f a c e  
t o  a l l  U.S. and I n t e r n a t i o n a l  modules,  and t h e  
120 Vdc power i s  p r o v i d e d  a t  t h e  u s e r  i n t e r f a c e s .  
I n  a d d i t i o n ,  t h e  20 kHz power i s  conve r ted  t o  
120 Vdc for  d i s t r i b u t i o n  t o  a l l  a t tached  pay loads  
and o t h e r  use rs  on t h e  t r u s s .  F i n a l l y ,  O p t i o n  4 
i s  an a l l - d c  system. P r imary  d i s t r i b u t i o n  i s  a t  
160 Vdc. as o b t a i n e d  from t h e  s o l a r  a r r a y s  and 
b a t t e r i e s .  The 160 Vdc power I s  conver ted  t o  
120 Vdc f o r  secondary d i s t r i b u t i o n  i n  a l l  modules,  
and f o r  d i s t r i b u t i o n  t o  e x t e r n a l  users  on the  tru;; 
A q u a n t i t a t i v e  comparison o f  the  four o p t i o n s  
i s  p resen ted  i n  Table 3 .  I n c l u d e d  i n  the  compari-  
son i s  end-to-end e f f i c i e n c y ,  i n c l u d i n g  u s e r  power 
s u p p l i e s  t o  c o n v e r t  to the  r e q u i r e d  f i n a l  power 
type ;  t he  t o t a l  number o f  o r b i t  r e p l a c e a b l e  u n i t  
(ORU) boxes; t o t a l  mass; t o t a l  volume i n s i d e  p res -  
s u r i z e d  areas (nodes and modules) r e q u i r e d  for 
ORUs; thermal  l o a d  f o r  c o o l i n g  o f  PMAD ORUs; l o g i s -  
t i c s  mass pe r  y e a r ;  development c o s t  compared t o  
t h e  b a s e l i n e ,  i n c l u d i n g  the  c o s t  of a d d i t i o n a l  
s o l a r  a r r a y s  and b a t t e r i e s  r e q u i r e d  t o  p r o v i d e  
7 5  kW to users  for  PMAD systems o f  d i f f e r e n t  end- 
to-end e f f i c i e n c y ;  and l i f e  c y c l e  c o s t ,  wh ich  
I n c l u d e s  development c o s t .  
t i a l l y  equal  e f f i c i e n c y .  T h i s  i s  because each 
o p t i o n  has a s i n g l e  i n - l i n e  c o n v e r t e r  i n  t h e  d i s -  
t r i b u t i o n  p a t h  - a MIU for O p t i o n  1 and a DDCU f o r  
O p t i o n  4. O p t i o n  2 has a s i n g l e  I n - l i n e  MIU f o r  
t he  p a t h  to U . S .  users ,  but has two c o n v e r t e r s  (MIU 
p l u s  ADCU) for the  p a t h  to I n t e r n a t i o n a l  u s e r s .  
O p t i o n  3 has these same two i n - l i n e  c o n v e r t e r s  f o r  
a l l  use rs ;  thus  O p t i o n  3 has the  l owes t  e f f i c i e n c y .  
S i m p l i f i e d  schemat ics  for  t h e  
Power f r o m  t h e  
The 20 kHz 
Op t ions  1 and 4 have t h e  h i g h e s t  and essen- 
The ORU box count ,  ORU volume i n s i d e  p ressu r -  
i z e d  areas ,  thermal l oad  f o r  c o o l i n g  o f  PMAD boxes 
and t o t a l  mass a r e  h i g h e r  f o r  Op t ions  3 and 4 
because o f  t he  l a r g e  number o f  ADCUs and DDCUs. 
O p t i o n  3 has the  h i g h e s t  l o g i s t i c s  mass because o f  
t h e  requ i rement  t o  supp ly  b o t h  MIUS and ADCUs, i n  
a d d i t i o n  t o  the  o t h e r  PMAD equipment.  Development 
c o s t  and l i f e  c y c l e  c o s t  a r e  a l s o  g r e a t e s t  f o r  
O p t i o n  3, because b o t h  MIUs and ADCUs must be 
developed, produced and r e s u p p l i e d .  
O p t i o n  3 has the  l owes t  e f f i c i e n c y .  
t h e r e  i s  a d d i t i o n a l  c o s t  a s s o c i a t e d  w i t h  t h e  l a r g e r  
s o l a r  a r r a y s  and b a t t e r i e s  r e q u i r e d  to  p r o v i d e  
7 5  kW o f  power t o  t h e  use rs .  
t h e  f o u r  o p t i o n s .  The development r i s k  was judged 
to  be lowes t  f o r  Op t ions  1 and 2;  h i g h e r  for  
O p t i o n  3;  and h i g h e s t  for  O p t i o n  4 .  
20 kHz end-to-end system ( O p t i o n  1 )  has been base- 
l i n e d  f o r  seve ra l  yea rs ,  key  components have been 
deve loped t o  breadboard  l e v e l  as p a r t  o f  t h e  Space 
S t a t i o n  Advanced Development program, and a 20 kHz 
system has been t e s t e d  a t  a 25 kW power l e v e l .  On 
t h e  o t h e r  hand, t h e  a l l  dc system (Op t ion  4)  
r e q u i r e s  breadboard development o f  a 25 kW dc/dc 
c o n v e r t e r .  as w e l l  as 800 A dc sw i t chgear  t o  i n t e r -  
r u p t  dc f a u l t  c u r r e n t s .  
opment i s  t h e  g r e a t e s t  r i s k ,  because h y b r i d  dc 
sw i t chgear  hav ing  800 A c u r r e n t  i n t e r r u p t  c a p a b i l -  
i t y  have n o t  been demonstrated t o  da te .  F u r t h e r -  
more, a t  l e a s t  1 yea r  would be r e q u i r e d  t o  have an 
o p e r a t i o n a l  dc system t e s t b e d ,  which i s  e q u i v a l e n t  
t o  t h e  20 kHz system t e s t b e d  a l r e a d y  i n  o p e r a t i o n .  
O p t i o n  3 has lower  r i s k  than O p t i o n  4 because 
h i g h  c u r r e n t  dc sw i t chgear  a r e  n o t  r e q u i r e d .  How- 
e v e r ,  a d d i t i o n a l  work i s  r e q u i r e d  t o  deve lop  and 
demonst ra te  the  system concept  a t  a breadboard 
l e v e l .  
I n  a d d i t i o n ,  
There fo re ,  
Table 4 p resen ts  a q u a l i t a t i v e  comparison o f  
Because a 
The dc sw i t chgear  deve l -  
A dc user  i n t e r f a c e  (Op t ions  3 or 4 )  i s  p re -  
f e r r e d  by  many f r o m  t h e  s t a n d p o i n t  o f  i n t e g r a t i o n  
r i sk ,  use r  power supp ly  i n p u t s ,  and ground suppor t  
equipment.  Element des igne rs  s t r o n g l y  d e s i r e  t o  
use t h e i r  p r i o r  exper ience  w i t h  28 Vdc on space- 
c r a f t ,  and b e l i e v e  they  can i n t e g r a t e  a dc system 
more r e a d i l y  than a 20 kHz system. Subsystem and 
s c i e n t i f i c  users  can deve lop  power s u p p l i e s  which 
c o n v e r t  from 120 Vdc based on t h e i r  exper ience  w i t h  
28 Vdc. A l so .  120 Vdc power s u p p l i e s ,  c a b l i n g  and 
connectors  a re  r e a d i l y  a v a i l a b l e  f o r  ground suppor t  
equipment a p p l i c a t i o n s .  
Op t ions  1 and 2 a r e  more r e a d i l y  grown t o  
h i g h e r  power l e v e l s .  The h i g h  v o l t a g e  20  kHz 
cab les  a r e  much l i g h t e r  than the  120 Vdc cab les  
r e q u i r e d  f o r  t h e  a l l  dc system (Op t ion  4 ) .  
Fur thermore ,  i s o l a t i o n  o f  a d d i t i o n a l  e lements i s  
prov ided  w i t h  h i g h  e f f i c i e n c y ,  l i g h t w e i g h t  t r a n s -  
fo rmers .  By comparison, Op t ions  3 and 4 r e q u i r e  
ADCUs and DDCUs for  i s o l a t i o n  o f  a d d i t i o n a l  e l e -  
ments; and these a r e  lower  i n  e f f i c i e n c y ,  heavy, 
and expensive compared t o  20 kHz t rans fo rmers .  
The s e l e c t i o n  was i n f l u e n c e d  g r e a t l y  by t h e  
p re fe rences  expressed by t h e  v a r i o u s  program p a r t i -  
c i p a n t s  (Tab le  5 ) .  Work Package 4 ,  which  i s  t h e  
a r c h i t e c t  f o r  t he  end-to-end EPS. expressed a p re -  
f e rence  f o r  a 20 kHz end-to-end system. They were 
i n f l u e n c e d  by t h e i r  exper ience  w i t h  20 kHz cornpo- 
nents  and system tes tbeds .  which gave them c o n f i -  
dence t h a t  s t r a i g h t f o r w a r d  s o l u t i o n s  e x i s t e d  t o  
p o t e n t i a l  20 kHz i n t e g r a t i o n  prob lems.  F u r t h e r -  
more, t h e  20 kHz system appeared t o  g i v e  t h e  h i g h -  
e s t  per fo rmance and lowes t  c o s t .  Canada a l s o  
expressed a pre ference for 20 kHz. They had made 
an e a r l y  i nves tmen t  i n  20 kHz components, and f e l t  
t h a t  20  kHz p r o v i d e d  the  l owes t  c o s t  s o l u t i o n .  
However, a l l  o t h e r  program p a r t i c i p a n t s  expressed 
a p r e f e r e n c e  for a 120 Vdc user  i n t e r f a c e ,  based 
on a p e r c e i v e d  i n t e g r a t i o n  r i s k  a s s o c i a t e d  w i t h  a 
20  kHz u s e r  i n t e r f a c e .  
The program d e c i s i o n  was t o  s e l e c t  O p t i o n  3 ,  
c o n s i s t f n g  of 2 0  kHz p r i m a r y  d i s t r i b u t i o n  and 
120 Vdc secondary d i s t r i b u t i o n .  The d e c i s i o n  was 
based on t h e  s t r o n g  p re fe rence  expressed by  most 
program p a r t i c i p a n t s  for a 120 Vdc use r  i n t e r f a c e .  
Fur thermore ,  t h i s  d e c i s i o n  a l l o w s  a common use r  
i n t e r f a c e  between t h e  ESA. Japan and U.S. modules. 
I n  a d d i t i o n ,  O p t i o n  3 r e t a i n s  t h e  use o f  ac s w i t c h  
gear ,  and z e r o  c u r r e n t  s w i t c h i n g ,  t o  hand le  t h e  
h i g h  power f a u l t  c u r r e n t s .  
PMAD A r c h i t e c t u r e  
The s e l e c t e d  PMAD A r c h i t e c t u r e  i s  shown i n  
F i g s .  3 t o  6.  The o v e r a l l  a r c h i t e c t u r e  i s  shown 
i n  F i g .  3 .  DC power f r o m  t h e  s o l a r  a r r a y s  and b a t -  
t e r i e s  i s  conve r ted  t o  20 kHz and t r a n s m i t t e d  t o  
ou tboard  main bus s w i t c h i n g  u n i t s  (MBSU) f o r  p a r a l -  
l e l i n g  and f a u l t  p r o t e c t i o n .  
t r a n s m i t t e d  ac ross  t h e  r o t a t i n g  a - j o i n t s  and f e d  
t o  i n b o a r d  MBSUs, which p r o v i d e  f a u l t  p r o t e c t i o n  
and f u r t h e r  d i s t r i b u t i o n  t o  t h e  l o a d  c e n t e r s  i n  the  
modules, nodes and a t tached  p a l l e t s .  A s t a r  a r c n i -  
t e c t u r e  i s  u t i l i z e d  for  d i s t r i b u t i o n  of power f r o m  
t h e  i nboard  MBSUs to  the  l o a d  c e n t e r s  - seve ra l  
ded ica ted  cab les  p r o v i d e  power to each load  c e n t e r .  
A t  each l o a d  c e n t e r ,  an ADCU conver t s  the  power 
f l o w i n g  on each cab le  t o  120 Vdc. The ADCU a l s o  
p r o v i d e s  for  e l e c t r i c a l  i s o l a t i o n  o f  t he  downstream 
load  c e n t e r  ( a l s o  known as EMC e lemen t ) ;  l i m i t s  
c u r r e n t  to t h e  l o a d  c e n t e r  i n  case of a f a u l t ;  p re -  
ven ts  t h e  p r o p a g a t i o n  o f  f a u l t  c u r r e n t s  from t h e  
l oad  c e n t e r  to the  power source; and r e g u l a t e s  
v o l t a g e .  The power d i s t r i b u t i o n  and c o n t r o l  un i t s  
(PDCU) a t t a c h e d  t o  each c a b l e  and ADCU p r o v i d e  f o r  
f u r t h e r  d i s t r i b u t i o n  o f  power t o  t h e  l oads ,  and 
p r o v i d e  c o n t r o l  and p r o t e c t i o n  f u n c t i o n s .  
a r c h i t e c t u r e  o u t b o a r d  o f  t he  a - j o i n t .  PV a r r a y  
power i s  r e g u l a t e d  to 160 Vdc by t h e  s e q u e n t i a l  
shunt  u n i t s  (SSU). and t r a n s m i t t e d  across  r o t a t i n g  
B - j o i n t s  t o  dc s w i t c h i n g  u n i t s  (DCSU). D u r i n g  Sun- 
l i g h t ,  some o f  t h e  a r r a y  power i s  used t o  charge 
t h e  b a t t e r i e s .  B a t t e r y  charge and d i scha rge  i s  
c o n t r o l l e d  by t h e  B a t t e r y  Charge-Discharge U n i t s  
(BCDU). wh ich  r e g u l a t e  the  c h a r g i n g  of  t he  b a t -  
t e r i e s  and s t e p  up and r e g u l a t e  b a t t e r y  d i scha rge  
v o l t a g e  t o  160 Vdc. The 160 Vdc power f rom t h e  
a r r a y s  a n d l o r  b a t t e r i e s  i s  conve r ted  t o  440 V.  
20 kHz, 10 power by the  MIUs. some of the  power 
i s  a l s o  conver ted  t o  120 Vdc by  dc-to-dc c o n v e r t e r  
u n i t s  (DDCU) for d i s t r i b u t i o n  t o  loads  ou tboards  
o f  t h e  a - j o i n t s  v i a  PDCUs. P h o t o v o l t a i c  c o n t r o l -  
l e r s  (PVC) p r o v i d e  o v e r a l l  management o f  t h e  o u t -  
board  PMAD f u n c t i o n s .  
The 20 kHz power i s  
F i g u r e  4 p r o v i d e s  an expanded v iew  o f  t he  PMAD 
F i g u r e  5 shows t h e  d i s t r i b u t i o n  o f  power t o  a 
t y p i c a l  module. Power i s  p r o v i d e d  by up t o  four 
feeders ,  each wh ich  i s  f e d  f r o m  a d i f f e r e n t  MBSU, 
i n  o r d e r  t o  p r o v i d e  t h e  r e q u i r e d  l e v e l  o f  f a u l t  
t o l e r a n c e  t o  assure  con t inuous  power f o r  c r i t i c a l  
2 
f u n c t i o n s .  S i m i l a r l y ,  power i S  p r o v i d e d  t o  t h e  
v a r i o u s  p a l l e t s  a t tached  t o  the  t r u s s ,  as shown i n  
F i g .  6 .  
S ta tus  and P lans  
A d d i t i o n a l  d e t a i l s  of t h e  PMAD a r c h i t e c t u r e ,  
such as system r e g u l a t i o n .  f a u l t  p r o t e c t i o n ,  
g round ing  and power system s t a r t u p  a r e  be ing  deve l -  
oped. I n i t i a l  s p e c i f i c a t i o n s  have been w r i t t e n  for  
t h e  v a r i o u s  components and ORUs, and w i l l  be 
a d j u s t e d  as system s p e c i f i c a t i o n s  and des ign  mature .  
I n i t i a l  breadboard hardware i s  under development - 





RBIs and MIUs a r e  undergo ing  t e s t  
a c t i v i t i e s  a r e  c o n t i n u i n a  and w i l  
P r imary  Secondary Comment 
U.S. ESA Japan TRUSS 
20 kHz 20 kHz 20 kHz 20 kHz 20 kHz B a s e l i n e  a l l  ac system 
20 kHz 20 kHz 120 Vdc 120 Vdc 20  kHz B u l k  convers ion  f o r  ESA and 
Japan w i t h  20 kHz recon- 
v e r s i o n  f o r  U.S. pay loads  
20 kHz 120 Vdc 120 Vdc 120 Vdc 120 Vdc A l l  dc secondary w i th  f u l l  
pay load  i n t e r o p e r a b i  1 i t y  
160 Vdc 120 Vdc 120 Vdc 120 Vdc 120 Vdc A l l  dc system 
r e s u l t  in a p re -  
l i m i n a r y  des ign  rev iew  (PDR) o f  the  PMAD system i n  
May 1990. I n  a d d i t i o n ,  i n i t i a l  PMAO system t e s r i n g  
i s  scheduled to beg in  February  1990. 
I O p t i o n  1 O p t i o n  2 Op t ion  3 O p t i o n  4 
80 .4  78.5 75.5 80 .4  
Reference 
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Requirements and Design,' '  P roceed ings  o f  t i e  
Twenty-Second I n t e r s o c i e t y  Enerqv Convers ion  
Enq ineer inq  Conference, Vol. I ,  A I A A .  New York.  
1987, pp. 39-47. 
216 (234) 208 (226) 
76.91: (77.9K) 73.5K (74.5K) 
222 (260) 254 (292) 
22 .1 /10 .6  19.7/11 .2 
IO 150 8300 
+52 -4 
+ 1 1 1  +44 
TABLE 1 .  - KEY REQUIREMENTS AND GROUND RULES 
0 75 kW average, 100 kW peak power d e l i v e r e d  t o  
0 175 kW growth  
0 Two- fau l t  t o l e r a n c e  
* E l e c t r i c a l  i s o l a t i o n  o f  "major elements" 
0 F a u l t  i s o l a t i o n  
use r  i n t e r f a c e  
TABLE 2. - POWER DISTRIBUTION OPTIONS 
TABLE 3 .  - QUANTITATIVE EVALUATION VARIABLES SUMMARY 
E f f i c i e n c y  (end-to-end i n c l u d i n g  
user  power s u p p l i e s ) ,  pe rcen t  
ORU box coun t  U .S .  ( t o t a l )  
Mass U.S.  ( t o t a l ) .  I b  
ORU volume i n s i d e  p r e s s u r i z e d  
areas  U.S.  ( t o t a l ) ,  f t 3  
Thermal ( t o t a l / p r e s s u r i z e d  
L o g i s t i c s  (U .S .  o n l y ) , l b l y e a r  
D e l t a  development c o s t ,  BM 
D e l t a  l i f e  c y c l e  c o s t  (10  y e a r ) ,  










TABLE 4 .  - QUALITATIVE EVALUATION VARIABLES SUMMARY 
Development r i s k  
I n t e g r a t i o n  r i s k  
User power supply 
impacts 
In te roperab i  1 i t y  
Ground support  
Ease of growth 
Op t ion  1 
~~~ 
+ Key 20 kHz components 
developed t o  bread- 
board l e v e l  
+ 20 kHz system t e s t -  
beds a t  25 kW have 
demonstrated key  
parameters 
- Lack o f  f a m i l i a r i t y  
u i t h  20 kHz 
- L i m i t e d  exper ience 
w i t h  20 kHz 
+ Full i n t e r o p e r a b i l i t y  
f o r  a l l  payloads 
- Lack o f  equipment 
a v a i l a b i l i t y  
+ Eas ies t ,  most e f f i -  
c i e n t ,  and cos t  
e f f e c t i v e  g rowth  
- 
Opt ion  2 
+ Key 20 kHz components 
developed t o  bread- 
board l e v e l  
+ 20 kHz system t e s t -  
beds a t  25 kW have 
demonstrated key  
parameters 
- Lack o f  f a m i l i a r i t y  
wi th 20 kHz 
- L i m i t e d  exper ience 
with 20 kHz 
- Achieved f o r  U.S. 
- Lack o f  equipment 
pay1 oads 
ava i  1 ab i  I i ty  
+ Easy, e f f i c i e n t  and 
cos t  e f f e c t i v e  growth 
(except  i n t e r n a t i o n a l  
modules) 
Opt ion  3 
+ Low r i s k  dc components 
w i t h  vel 1 understood 
system techno logy  f o r  
modules 
r e q u i r e d  
- Testbed augwentat ion 
+ F a m i l i a r i t y  w i t h  dc 
+ 120 V dc more f a m i l i a r  
systems 
t o  users  based on 
28 Vdc exper ience 
f o r  a l l  payloads 
+ A v a i l a b i l i t y  f o r  power 
supp l i es ,  c a b l i n g  and 
connectors 
Power t ransmiss ion  
growth easy 
+ F u l l  i n t e r o p e r a b i  1 i ty 
TABLE 5 .  - PREFERENCES OF PROGRAM PARTICIPANTS 
[ I n t e g r a t i o n  r i s k  i s  t h e  b a s i s  o f  
r I 
t h e  dc p r e f e r e n c e . ]  
Program 








PR&A ( L I I )  
U t i l i z a t i o n  ( L I I )  
I Secondarv Doh 
- 25 kW dc ldc  conver te r  
and 800 A h y b r i d  dc 
switchgear r e q u i r e  
breadboard development 
- A t  l e a s t  1 year  t o  
have equ iva len t  t e s t -  
beds i n  o p e r a t i o n  
+ F a m i l i a r i t y  w i t h  dc 
systems 
+ I20 V dc more f a m i l i a r  
t o  users based on 
28 Vdc exper ience 
+ Full i n t e r o p e r a b i l i t y  
f o r  a l l  payloads 
+ Avai 1 ab i  1 i t y  f o r  power 
supp l i es .  c a b l i n g  and 
connectors 
r e q u i r e s  heavy, 
channe l ized  approach 
or a d d i t i o n a l  devel-  
opment o f  h i g h  c u r r e n t  
sw i t ch  
- D i f f i c u l t  t o  grow - 
4 
OPTION I: END-TO-END EFFICIENCY I 80.4% 
E Battery 
OPTION 11: END-TO-END EFFICIENCY - 78.5% 
rl Banety 
0 COMMON TO ALL OPTIONS 
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COMMON TO ALL OPTIONS 
Figure 2. - Space station distribution models 
5 
I 
Figure 3. - EPS end-to-end architecture. 
6 
4 Outboard PV Module 
lntewaled Equpment ArslmMy 
Inboard PV Module 
Inlegrated Equlpment Asstrnbly 
Figure 4. - PV power module architecture. 
I I I I 
I L - - A  I I I 
I 
I 
I I I 
I ; -i Shown for Reference I MBSU 
L _ _ _ _ _ _ _ _ _ _  J 
I MBSU 
L _ _ _ _ _ _ _ _ _ _  J 
Port 
Figure 5. - Common module architecture 
7 
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Figure 6. - Truss pallet archltecture. 
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